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**Value of the data**•The linear regions in the osmotic coefficient-molality plots of several aqueous solutions of single electrolytes have been marked. The existence of these linear regions provides supportive evidence to the analysis presented in the main paper [@bib1].•The primary molar hydration volumes and primary hydration numbers obtained in this article would be useful for estimation of nonelectrostatic contribution to the osmotic coefficient of aqueous solutions of single and mixed electrolytes using the procedure described in Ref. [@bib1].•These data would also allow estimation of electrostatic contribution to the osmotic coefficient of aqueous solutions of electrolytes using the procedure described in Ref. [@bib1].

1. Data {#s0005}
=======

The data are provided in two parts. Part-1 contains plots of osmotic coefficient versus molarity of solutions of single electrolytes. The linear regions are marked on the plots. Slopes of these linear regions are listed below the plots. Part-2 lists the data of the primary molar hydration volume and primary hydration numbers.

Part-1: Plots of Osmotic coefficient-molality data for single aqueous electrolytes.

a\. 1-1 electrolytes (data of osmotic coefficient from Ref. [@bib2]).
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b\. 1-2, 2-1, 2-2, 1-3, 3-1 and 2-3 electrolytes (data of osmotic coefficient from Ref. [@bib3]).
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Part-2: Table of primary molar hydration volume and primary hydration number of electrolytes at 25 °C derived from the slopes of the linear regions of the plots presented in Part-1 ([Table 1](#t0005){ref-type="table"}). The table also lists the molar volumes of bound water molecules.Table 1Primary molar hydration volume and primary hydration number of electrolytes and molar volume of bound water molecules at 25°C.Table 1**ElectrolytePrimary molar hydration volume,**$v_{h}$$\times {10^{5}\ m^{3}\ {mol}^{- 1}}$**Molar volume of bound water,**$v_{w}^{b}$$\times 10^{5}m^{3}\ {mol}^{- 1}$**Primary hydration number,**$h$NaCl7.9751.4964.2LiCl9.8511.6135.1KCl6.5931.4803.0HCl12.3071.6776.2LiBr11.2471.6085.8KF7.3151.5613.9KI7.8691.5013.0CsCl7.3821.4903.1HNO~3~9.0831.5514.2NaBr9.3611.5834.6NaClO~4~7.9171.5023.2RbCl7.6411.4663.6LiNO~3~8.3921.5663.9NaI10.8081.5944.9NaOH9.3981.6065.3MgCl~2~14.5811.5617.3CaCl~2~17.03381.5538.8BaCl~2~16.6931.5768.3Mg(ClO~4~)~2~23.6931.65310.8Ca(ClO~4~)~2~21.1191.6419.2Ca(NO~3~)~2~16.0811.5617.3HCOONa6.8371.4953.6LiI11.1591.6005.2KOH9.9711.5875.5CsF8.7511.5714.4CsBr7.7601.4693.2NH~4~Cl6.6091.4482.7Na~2~SO~4~12.5591.5213.9(NH~4~)~2~SO~4~13.0691.3995.2CaBr~2~16.0141.6297.4Cd(NO~3~)~2~10.1251.5713.5CdBr~2~7.5151.4462.5CdCl~2~6.1891.3722.1CdI~2~9.9781.5152.8CdSO~4~11.9011.4563.8Co(NO~3~)~2~13.3461.6095.5CrCl~3~15.6471.6356.7MgSO~4~10.2141.4172.8Cu(NO~3~)~2~18.0361.5978.5CuCl~2~13.3421.5696.5LaCl~3~25.3171.62612.5Mg(NO~3~)~2~17.01681.6257.7MnSO~4~12.1131.4943.9NdCl~3~25.4471.62712.6NiCl~2~17.5361.6148.9NiSO~4~11.6371.4613.7PrCl~3~25.3461.62612.5SmCl~3~25.7511.62612.8SrBr~2~19.2751.6209.4SrCl~2~16.8521.6148.3Zn(NO~3~)~2~17.7191.6138.2ZnCl~2~11.8261.5735.5ZnSO~4~12.8221.4974.4

Comparison between the calculated primary hydration number for electrolytes and those reported in the literature using NMR and Extended X-ray Absorption Fine Structure (EXAFS) spectrometry has been present in our main paper [@bib1].

2. Experimental design, material and methods {#s0010}
============================================

Slope $s$ of the linear region of the plot is given by$$s = \left( \frac{c}{m} \right)^{2}\frac{v_{h}^{2}}{{2M}_{w}\nu}$$

$v_{h}$ is the primary molar hydration volume of the electrolyte, $M_{w}$ is the molecular mass of water, $\nu$ is the number of ions produced on dissociation of one molecule of the electrolyte, $m$ is the molality of the electrolyte solution, ${}c$ is its molarity. Variation of $c/m$ in the linear region is small and hence the average value of $c/m$ is used. The values of $v_{h}$ at 25 °C are listed in the table of Part-2.

The primary hydration number $h$ of an electrolyte is related to its primary hydration volume by the following relation$$v_{h} = v_{s} + hv_{w}^{b}$$

$v_{s}$ is the molar volume of the bare electrolyte and is calculated from the Pauling radii of the constituent ions using the formula $v_{s} = \frac{4}{3}\pi N_{\mathit{av}}\sum\limits_{i}r_{i}^{3}$. Where $N_{\mathit{av}}$ is Avogadro number and $r_{i}$ is the Pauling radius of constituents ions. These radii are obtained from the references given in [Table 2](#t0010){ref-type="table"}.Table 2References listing Pauling radii of ions.Table 2**IonsReferences to Pauling radius**Li^+^, Na^+^, K^+^, NH~4~^+^, Rb^+^, Cs^+^, Mg^2+^, Ca^2+^, Sr^2+^, Ba^2+^, Zn^2+^, Cd^2+^, Mn^2+^, Ni^2+^, La^3+^, F^-^, Cl^-^, Br^-^, I^-^[@bib3] Robinson and StokesH~3~O^+^,Cr^3+^,Co^2+^, Cu^2+^, Nd^2+^, Pr^3+^, Sm^3+^,NO~3~^-^, SO~4~^2-^[@bib4] MarcusOH^-^,[@bib5] Masterton et al.ClO~4~^-^, HCOO^-^[@bib6] Roobottom et al.

The molar hydrated volume of electrolyte, ${}v_{h}$ is the summation of the molar hydrated volume of the cations, ${}{v_{h}}_{+}$ and the anions, ${}{v_{h}}_{-}$$$v_{h} = \nu_{+}{v_{h}}_{+} + \nu_{-}{v_{h}}_{-}$$where $\nu_{+}$, ${}\nu_{-}{}$ are the number of cation and anion respectively upon dissociation of one molecule of the electrolyte.

where the molar hydrated volume of the cation, ${}{v_{h}}_{+}$ is given as follows$${v_{h}}_{+} = {v_{s}}_{+} + h_{+}{v_{w}^{b}}_{+}$$and molar hydrated volume of the anion, ${}{v_{h}}_{-}$ is given by the following expression$${v_{h}}_{-} = {v_{s}}_{-} + h_{-}{v_{w}^{b}}_{-}$$

In Eqs. [(4)](#eq0020){ref-type="disp-formula"}, [(5)](#eq0025){ref-type="disp-formula"}, $h_{+}$ and $h_{-}$ are primary hydration number of cation and anion respectively.

$v_{w}^{b}$ in Eq. [(1)](#eq0005){ref-type="disp-formula"} is the molar volume of the water in the primary hydration shell (bound water). This volume is lesser than that of bulk water due to electrostriction caused by high electric field around the ion. The electrostatic field generated by the ion is estimated at the periphery of the hydrated ion using following equation$$E^{*} = \frac{q}{4\pi\varepsilon^{*}\varepsilon_{0}r_{h}^{2}}$$where $r_{h}$ is the hydrated radius which is calculated using the formula $r_{h} = \left\lbrack {v_{h}/\left( \frac{4\pi N_{\mathit{av}}}{3} \right)} \right\rbrack^{1/3}$. $\varepsilon_{0}$ is the vacuum permittivity. $\varepsilon^{*}$ is the dielectric constant of bound water and is calculated using Booth Eq. [@bib7]$$\varepsilon^{*} = n^{2} + \frac{{\alpha\pi}N_{0}\left( {n^{2}{+ 2}} \right)\mu_{v}}{E^{*}}L\left( \frac{\beta\mu_{v}\left( {n^{2}{+ 2}} \right)E^{*}}{\kappa T} \right)$$where $n$ is the optical refractive index, $N_{0}$ the number of molecules per unit volume, $\mu_{v}$ the dipole moment of the water molecule, $E^{*}$is the field strength, and $T$ the absolute temperature. $L\left( x \right)$ is the Langevin function, and $\alpha$ and $\beta$ are numerical factors ($\alpha = {4/3}$, $\beta = {1/2}$ as per Onsager model).

Solving Eqs. [(6)](#eq0030){ref-type="disp-formula"}, [(7)](#eq0035){ref-type="disp-formula"} simultaneously, we can find values of both $E^{*}$ and $\varepsilon^{*}$. However, the second term of Eq. [(7)](#eq0035){ref-type="disp-formula"} is much smaller than $n^{2}$ and $\varepsilon^{*} = n^{2}$. At 25 °C, $n^{2} = 1.769$. Therefore, the value of the dielectric constant of bound water is taken as $\varepsilon^{*} = 1.769$ for all calculations.

The pressure in the hydration shell is calculated using equation given by Desnoyers et al. [@bib8].$$P^{*}\left( {GPa} \right) = {0.137 + 7.334 \times}10^{- 3}\left( {E^{*}\left( {{GV}\ m^{- 1}} \right)} \right){+ 4.599 \times}10^{- 3}\left( {E^{*}\left( {{GV}\ m^{- 1}} \right)} \right)^{2}$$

The values of $E^{*}$, obtained from the solution of Eq. [(6)](#eq0030){ref-type="disp-formula"} are used in Eq. [(8)](#eq0040){ref-type="disp-formula"} to obtain the pressure in the hydration shell. Then the density, $\rho_{b}$ of the bound water is obtained by the tables given by Grindley and Lind [@bib9] which relates density of water to pressure. From the density, the molar volume of bound water is obtained using the equation $v_{w}^{b} = \frac{M_{w}}{\rho_{b}}$. The values of $v_{w}^{b}$ are listed in the second column of the [Table 1](#t0005){ref-type="table"}. These values are used in Eq. [(1)](#eq0005){ref-type="disp-formula"} to calculate the primary hydration number which are listed in the last column of the [Table 1](#t0005){ref-type="table"}.

We have provided the equation to be used for estimation of the excess nonelectrostatic contribution to the osmotic coefficient in our main paper [@bib1] (See Eq. [(8)](#eq0040){ref-type="disp-formula"} of the main paper)$$\varphi_{e}^{\mathit{NE}} = - \frac{1}{{\nu m}M_{w}}\left\lbrack {\ln\left( {{1 -}cv_{h}} \right) + c\left( {v_{h} - \nu{\overset{®}{v}}_{w}} \right)} \right\rbrack{- 1}$$

The nonelectrostatic contribution is given by$$\varphi^{\mathit{NE}} = \quad\varphi_{e}^{\mathit{NE}}{+ 1 = -}\frac{1}{{\nu m}M_{w}}\left\lbrack {\ln\left( {{1 -}cv_{h}} \right) + c\left( {v_{h} - \nu{\overset{®}{v}}_{w}} \right)} \right\rbrack$$

Moreover, the Fig. 3 of our main paper shows the excess nonelectrostatic contribution to the osmotic coefficient for NaCl at 25 °C. It is seen that the excess nonelectrostatic contribution varies approximately linearly with the electrolyte concentration.
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